Background. Previous studies identifying associations between influenza and acute cardiac events may have been confounded by climatic factors. Differing seasonal patterns of influenza activity in Hong Kong and England and Wales provide a natural experiment to examine associations with myocardial infarction (MI) independent of cold weather effects.
Influenza causes a heavy burden of morbidity and mortality throughout the world in both temperate and subtropical zones [1, 2] . This burden is likely to be underestimated, because influenza may play a role in hospitalizations and deaths due to other conditions, such as cardiovascular disease [3] . Some studies suggest links between influenza and acute cardiac events, such as myocardial infarction (MI), although this relationship has not not been well characterized [4] [5] [6] [7] .
In temperate zones, such as the United Kingdom, both influenza and deaths due to MI demonstrate a clear seasonal pattern, with peaks in winter [8] . Environmental factors common during winter, such as low temperature and humidity, may affect blood clotting and predispose persons to thrombotic states [9, 10] . Because influenza levels are collinear in time with winter, confounding by cold weather conditions has traditionally been difficult to explore. However, in Hong Kong's subtropical climate, winters are milder and patterns of influenza seasonality more variable [11] : There are typically 2 periods of peak influenza circulation every year.
We assessed the relationship between population levels of influenza circulation and acute MI-associated admissions and deaths in England and Wales and in Hong Kong, where the summer influenza peak provided a natural experiment to examine any relationship with MI independent of cold weather effects.
METHODS

Data on Clinical Outcomes
Data were obtained on MI-associated hospitalizations and deaths occurring during the period January 1999 through December 2008 classified using the International Classification of Diseases, Ninth Revision (ICD-9 code 410) and Tenth Revision (ICD-10 codes I-21, I-22 and I-23). In England, numbers of MI-associated hospitalizations based on discharge diagnosis of finished consultant episodes by fiscal week of admission, age group, sex, and region were obtained from Hospital Episode Statistics (the NHS Information Centre for health and social care), and daily MI mortality data by age group and sex in England and Wales were obtained from the Office for National Statistics (the NHS Information Centre for health and social care). Equivalent MI data for Hong Kong for 1998-2008 were obtained from the Hospital Authority of Hong Kong (hospitalizations) and the Hong Kong Special Administrative Region Census and Statistics Department (deaths). Numbers of MIassociated hospitalizations and deaths in both regions were aggregated by influenza surveillance week. Age-standardized MI rates were calculated with reference to the World Health Organization World Standard Population. Hospitalization data for 2 counterfactual conditions-colon cancer (ICD-9 codes 153 and 154) and fractured neck of femur (ICD-9 820; chosen due to its increased incidence in winter)-were also obtained.
Influenza Surveillance Data
Weekly influenza surveillance data from sentinel surveillance schemes were obtained for both countries. In England and Wales, the Weekly Returns Service provides rates of general practitioner (GP) consultations for influenza-like illness (ILI) per 100,000 persons. ILI diagnoses are clinically based, although no formal definition is used. These data for 1999-2008 were obtained from the Royal College of General Practitioners network. The weekly proportions of nose and throat swabs testing positive for influenza virus during the influenza season (week 40-week 20) were from the Health Protection Agency/RCGP swabbing scheme, in which 50 general practices in England obtained nose and throat swabs from patients presenting with ILI. In Hong Kong, weekly rates of ILI consultations per 1000 persons reported by sentinel General Practitioner and General Out-Patient Clinics (GOPC) were obtained from the Centre for Health Protection [12] . ILI was defined as fever plus either cough or sore throat. Laboratory surveillance data obtained from the same source comprised monthly proportions of specimens that tested positive for influenza obtained from patients who presented to GPs or GOPC settings with ILI, as well as from patients hospitalized for acute respiratory diseases. Linear interpolation was used to generate weekly proportions of specimens testing positive from these monthly data. In sensitivity analysis, monthly proportions of influenza virus-positive specimens were interpolated to weekly proportions using spline functions.
Environmental Variables
Daily minimum, mean, and maximum temperatures in central England were obtained from the British Atmospheric Data Centre. These cover a roughly triangular area bounded by Bristol, Lancashire, and London. The MIDAS Land Surface Observation Stations dataset was used to provide daily data on relative humidity for an approximately equivalent area (incorporating weather stations in Somerset, Lancashire, and London). For Hong Kong, daily data on minimum, mean, and maximum temperature and mean daily relative humidity were obtained from the Hong Kong Observatory. The mean of each daily temperature and humidity parameter was calculated across influenza surveillance weeks.
Statistical Methods
The weekly number of MI-associated events in each country was modeled using a Poisson regression model with a scale parameter set to the Pearson v 2 statistic divided by the residual degrees of freedom to model over-dispersion. We adjusted for long-term trends in MI using both a linear and quadratic term for calendar year. In Hong Kong, data from 2003 were excluded from analysis, because the 2003 outbreak of severe acute respiratory syndrome (SARS) substantially affected both health-seeking behavior and the reliability of reporting. We controlled for seasonality using Fourier terms with 6 harmonics per year. In sensitivity analysis, we used an indicator variable for month to model MI seasonality in place of Fourier terms. We also modeled both seasonality and long-term trends using spline functions.
The primary exposure was weekly levels of influenza. In England and Wales, weekly GP consultations for ILI were used to represent circulating influenza: In temperate zones, weeks with highest ILI rates correspond to or closely track weeks with the highest proportion of samples testing positive for influenza virus [13] . In Hong Kong, the primary measure of influenza used was weekly proportion of specimens testing positive for influenza virus: Patterns of influenza seasonality are less clear in subtropical climates, so ILI data are thought to be less specific for influenza than in temperate zones [14] . Influenza surveillance data are potentially affected by delays in both consulting and reporting and thus may lag behind the true community incidence of infection. Therefore, we performed separate Influenza and Myocardial Infarction d JID 2011:203 (15 June) d 1711 regressions with the exposure variable lagged up to 4 weeks in either direction. Results are presented as an incidence rate ratio (IRR) for MI-associated hospitalization or death for a 10th-90th percentile change in influenza circulation. Final models were chosen with reference to the lowest Akaike information criterion [15] .
Models also included mean weekly temperature and relative humidity, both modeled as 4-knot natural cubic splines to allow for nonlinearity. Sensitivity analyses included use of weekly mean temperature modeled as a linear term and as a low threshold effect, with the cutoff based on graphs showing where the predicted risk ratio of MI-associated death or hospitalization rose to .1, and use of daily minimum and maximum temperatures averaged separately by week and included in models as natural cubic splines.
We examined the partial autocorrelation function to investigate the presence of any residual autocorrelation. All models were fitted with a term for residuals lagged by 1 week, because some degree of autocorrelation at a lag of 1 week remained after adjusting for yearly and seasonal patterns.
We repeated analyses using 2 different outcomes unlikely to be associated with influenza circulation: hospital admissions for colon cancer and fractured neck of femur. We also conducted an exploratory analysis to examine the relationship between influenza and MI by age and sex. Finally, we calculated the proportion of MIs attributed to influenza by predicting the number of MIs under the final model (X) and under a model assuming zero circulating influenza (Y) as (X 2 Y)/X. This calculation was repeated for weeks of high influenza circulation (R90th percentile of ILI consultations or proportion of specimens testing positive). All analyses were performed using Stata software, version 11.0 (Stata Corp).
RESULTS
During the period from January 1999 through December 2008, there were 1,219,150 MI-associated hospitalizations (median, 2421 per week; interquartile range [IQR], 2112-2578) in England, of which 62.5% occurred in male patients. The median weekly age-standardized rate was 2.81 cases per 100,000 persons. Over the same time period 410,204 MI-associated deaths (median, 777 deaths per week; IQR, 639-908 deaths per week) were reported in England and Wales. Both MI-associated deaths and hospitalizations demonstrated a marked winter peak. GP consultation rates for ILI varied from 0.8 to 270.8 consultations per 100,000 persons per week (mean, 16.2 consultations per 100,000 persons per week) and were highest in 1998-1999 and 1999-2000, corresponding to circulation of the A/Sydney/5/97 strain of influenza A H3N2 subtype. ILI consultations showed a similar distribution to the weekly percentage of specimens testing positive for influenza virus during the influenza season, which ranged from 0% to 100% (mean, 18.1%).
In Hong Kong, during the period from January 1998 through December 2008, there were 65,108 MI-associated hospitalizations (median, 110 per week [IQR, 97-126]; median weekly age-standardized rate, 1.11 cases per 100,000 persons), with 59.6% occurring in male patients and 18,780 MI-associated deaths (median, 32 deaths per week; IQR, 27-38 deaths per week). There was a large winter peak, as well as a smaller summer increase in the number of MIs. The percentage of specimens testing positive for influenza virus (measured throughout the year) varied from 0.3% to 51.9% (mean, 13%) per week. Corresponding ILI consultation rates in GP and outpatient clinics are shown in Table 1 , as are additional descriptions of exposure variables. Figure 1 demonstrates the weaker correlation in Hong Kong between clinical ILI and laboratory isolation rates.
Association Between Influenza and MI-Associated Deaths
In England and Wales, a strong association was seen between GP consultations for ILI and MI-associated deaths (IRR, 1.051; 95% confidence interval [CI], 1.043-1.058; P , .001 for a 10th-90th percentile change in ILI consultations occurring 1 week later) after adjusting for environmental temperature and humidity. The best-fitting models included lags of either 21 week (as above) or 22 weeks (IRR, 1.056; 95% CI 1.049-1.064; P , .001), although a significant association remained in the model with no lag time (IRR, 1.036; 95% CI, 1.028-1.043; P , .001). An additional description of the lag time between ILI consultations and MI-associated deaths is shown in Figure 2 .
In Hong Kong, there was a similarly robust association between the proportion of specimens testing positive for influenza virus and MI-associated deaths occurring in the same week (IRR, 1.077; 95% CI, 1.013-1.145; P 5 .018) for a 10th-90th percentile change in proportion of positive specimens after adjusting for temperature and relative humidity. The best model fits were seen around lag 0, with similar results given by models including lags of 21 week (IRR, 1.076; 95% CI, 1.012-1.144; P 5 .02) and 11 week (IRR, 1.074; 95% CI 1.010-1.142; P 5 .023). Seasonal patterns of influenza circulation and MIassociated deaths are shown in Figure 3 for the 2 countries.
Association Between Influenza and MI-Associated Hospitalizations
In England and Wales, ILI consultations lagged by 21 to 23 weeks (representing the best model fits) were associated with MI-associated hospitalization after adjusting for environmental variables. There was strong evidence of a small effect (IRR for a lag of 21 week, 1.009 [95% CI, 1.003-1.015; P 5 .004]; IRR for a lag of 22 weeks, 1.013 [95% CI, 1.008-1.019; P , .001]; IRR for a lag of 23 weeks, 1.012 [95% CI, 1.006-1.019; P , .001]). There was no association between ILI consultation rates and MI-associated hospitalizations reported in the same week (adjusted IRR, 1.002; 95% CI, 0.996-1.003; P 5 .59).
In Hong Kong, an association was seen between the proportion of influenza positive specimens and MI-associated hospitalizations in the same week (IRR, 1.066; 95% CI, 1.024-1.109; P 5 .002) after adjustment for environmental variables. Similar model fits and results were given by models including lag times of 21 week (IRR, 1.067; 95% CI 1.025-1.110; P 5 .001) and 11 week (IRR, 1.066; 95% CI 1.024-1.109; P 5 .002). Table 2 shows the effect of including different lag times for influenza reporting on MI-associated hospitalizations.
Sensitivity Analyses
Adjustments were made to the final model to test the robustness of our effect estimates. Modeling MI seasonality using alternative methods, such as spline functions or NOTE. Laboratory data for England and Wales on the proportion of specimens testing positive for influenza were available only during the influenza surveillance season (weeks 40-20); the mean weekly number of specimens was 37. For Hong Kong the mean weekly number of specimens was 508 (or 2192 per month). GOPC, general outpatient clinics; GP, general practitioner; ILI, influenza-like illness; SD, standard deviation; P, percentile. indicator variables, for month with a linear year variable had little effect on the magnitude and direction of influenza effect estimates. Including weekly mean temperature modeled as a linear term and as a low threshold effect gave similar results to the final model in which temperature was included as a natural cubic spline. The best model fits were seen at temperature lags of either 0 or 1 week, which gave similar results. Use of the mean of weekly maximum and then of weekly minimum temperatures modeled as natural cubic splines made little difference to effect estimates. In Hong Kong, use of the weekly percentage of positive specimens interpolated using a spline function rather than simple linear interpolation gave slightly lower point estimates but similar effects for both MI-associated deaths and MI-associated hospitalizations. Results of the main sensitivity analyses are shown in table 3 .
Hospitalizations for colon cancer (adjusted IRR, 0.98; 95% CI, 0.94-1.01; P 5 .21) and fractured neck of femur (adjusted IRR, 0.99; 95% CI, 0.96-1.02; P 5 .68) were not associated with influenza circulation. In both countries, the strongest associations between influenza and MI were seen in the oldest age groups (ie, age of .80 years and, to a lesser extent, age of 60-79 years); see Appendix Table 4 .
Predicted Percentage of MIs Attributable to Influenza
Proportions of MI-associated deaths attributed to influenza under the final models ranged from 3.9% to 5.6% for Hong Kong and 3.1% to 3.4% for England and Wales, depending on the model of seasonality used. Proportions of MI-associated hospitalizations attributed to influenza were smaller in both settings: 3.0%-3.3% and 0.7%-1.2%, respectively. In weeks in which influenza circulation was in the R90th percentile, 9.7%-13.6% of MI-associated deaths in Hong Kong and 10.7%-11.8% of MI-associated deaths in England and Wales were attributed to influenza. For MI-associated hospitalizations, the corresponding figures were 7.5%-8.2% and 2.5%-4.6%.
DISCUSSION
Our results demonstrate strong associations between population levels of influenza and MI-associated deaths and hospitalizations in both a temperate (England and Wales) and subtropical climate (Hong Kong) after adjustment for seasonality and relevant environmental confounders. We estimate that a small but significant proportion of MIs in both settings may be attributed to influenza, with figures increasing in weeks of highest influenza circulation.
Similar studies have shown rises in related but less specific outcomes, such as deaths due to cardiovascular disease [8, 16, 17] , or less sensitive outcomes, such as autopsy-confirmed MIassociated deaths [18] , during influenza epidemics. However, we believe that this is the first study to examine the relationship between influenza circulation and national rates of fatal and nonfatal MI in 2 different settings and populations. It has been suggested that systemic prothombotic [19] and proinflammatory [20] effects of influenza or other infectious agents may acutely destabilize vulnerable atherosclerotic plaques, leading to MI [21] . Although we showed a stronger association between influenza and MI-associated deaths versus MI-associated hospitalizations, it is not clear whether influenza is likely to trigger cardiac events of greater severity. As with other studies, associations between influenza and adverse events were most marked in the oldest-aged persons [22] , who are more likely to have extensive underlying coronary disease. Future work using age-stratified influenza data would help to explore this further while reducing potential for ecological bias.
A strength of our study was the comparison of data from a temperate and a subtropical climate. Although most early ecological studies were done in temperate zones, it has more recently been suggested that influenza-associated mortality in warm regions such as Hong Kong is comparable to that of temperate regions [23] . We saw a slightly greater effect of influenza on both MI-associated deaths and hospitalizations in Hong Kong versus England and Wales, but this should be interpreted with caution, because population size-and, therefore, the numbers of events in Hong Kong-were much lower. Extremes of temperature are known to be associated with deaths due to cardiovascular disease [24] . The use of several methods to control for temperature and the differing relationship of influenza with temperature in Hong Kong, including the presence of a summer influenza peak, reduced the chance that residual confounding by environmental variables was responsible for effects observed.
Weaknesses inherent to using routine surveillance data for research include potential lack of coverage and lack of timeliness [25] . Although underreporting of influenza is common, this would tend to dilute rather than bias the direction of our results. Reporting delays are potentially more problematic. One United Kingdom-based study showed that telephone calls to NHS Direct for colds and influenza preceded GP reports of the same symptoms by 1-3 weeks [26] . This may explain why we saw the best model fits, and greatest estimates of effect, when UK influenza data was lagged by 21 to 23 weeks (representing our assumption that reported ILI consultations represent illness occurring in the community some time earlier). A US study found a 1-2-week lag between internet searches for influenza-associated information and primary care consultations for ILI [27] . A survey of 918 people with an ILI attending GPs in England showed that approximately onehalf of persons aged .45 years waited at least 6 days before consulting a GP, with 13% waiting R2 weeks [28] . Although reporting delays in surveillance data are the most likely explanation, peaks in MIs might precede GP reports of ILI if triggered by other synchronous environmental events; however, we used multiple sensitivity analyses to control for temperature. Although we considered controlling for other viruses, such as respiratory syncytial virus (RSV), 95% of RSV samples in the United Kingdom are recovered from children [29] , and RSV seasonality tends to differ from that of influenza.
In the United Kingdom, although ILI consultations lack specificity for influenza, the highest positive predictive values of ILI occur at times of peak influenza circulation. We did not use influenza virus data, which were limited by relatively small numbers of specimens (mean, 37 per week) and confined to the influenza season. The peak week of influenza virus activity in the United Kingdom tends to precede the peak for ILI consultations by 2 weeks [30] . In Hong Kong, where we used influenza virus data as the main exposure, we did not see the same pattern of lag times. Differences in consulting behavior may explain the reduced reporting delay in Hong Kong influenza data. After the SARS outbreak of 2003, official advice was to consult a doctor as soon as Note a lag time of, for example, -2 weeks refers to influenza activity occurring 2 weeks after MI events in week 0, whereas a lag of 12 weeks refers to ILI consultations taking place 2 weeks before MI events in week 0. b IRR for a 10th-90th percentile change in GP influenza-like illness consultations adjusted for seasonality and long-term trends, weekly mean temperature, weekly mean relative humidity, and residual autocorrelation. c IRR for a 10th-90th percentile change in proportion of specimens testing positive for influenza adjusted for the same factors as above. * IRR for the effect of a 10th-90th percentile change in weekly GP influenza-like illness consultations lagged by -2 weeks on MI, adjusted for seasonality and long-term trends, weekly mean temperature, weekly mean relative humidity, and residual autocorrelation.
IRR for the effect of a 10th-90th percentile change in weekly proportion of specimens testing positive for influenza virus on MI (with no lag), adjusted for seasonality and long-term trends, weekly mean temperature, weekly mean relative humidity, and residual autocorrelation.
influenza-like symptoms are experienced. In contrast, campaigns in the United Kingdom throughout the late 1990s aimed to discourage attendance at the GP for colds and ILI, to try to reduce unnecessary prescriptions of antibiotics [29] .
Overall, up to 5.6% of MI-associated deaths in Hong Kong and 3.4% in England and Wales were attributed to influenza (equating to 1052 and 13,947 deaths, respectively). Although this is a relatively small proportion, in England and Wales, over the study period, influenza vaccination rates among persons aged .65 years were around 65%-75% [31] . In Hong Kong, influenza vaccine was not introduced for community-dwelling older people until 2004, with uptake estimated at 31.2% in 2004 and 48.1% in 2005 [32] . The effect of influenza on MI occurred mainly in elderly persons who-especially in England and Wales-are relatively highly vaccinated. Without access to seasonal influenza vaccine, the potential for impact on MI events could be much greater.
In conclusion, we found a consistent association between seasonal influenza circulation and acute MI-associated hospitalizations and deaths in 2 different settings characterized by differing populations, climates, and patterns of health-seeking behavior. Acute cardiac events should be considered when anticipating influenza outbreaks.
Appendix NOTE. CI, confidence interval; GP, general practitioner; ILI, influenza-like illness; IRR, incidence rate ratio. a IRR for the effect of a 10th-90th percentile change in weekly GP ILI consultations lagged by 22 weeks on MI, adjusted for seasonality and longterm trends, weekly mean temperature, weekly mean relative humidity, and residual autocorrelation. b IRR for the effect of a 10th-90th percentile change in weekly proportion of specimens testing positive for influenza virus on MI (with no lag), adjusted for seasonality and long-term trends, weekly mean temperature, weekly mean relative humidity, and residual autocorrelation.
